We have used femtosecond pump-probe spectroscopy to time resolve the injection of electrons into nanocrystalline Ti02 film electrodes under ambient conditions following photoexcitation of the adsorbed dye, [Ru(4,4'-dicarboxy-2,2'-bipyridine)2(NCS)2] (N3).
Introduction
Extensive efforts have been directed toward understanding the photoelectrochemical properties and charge transfer dynamics of dye-sensitized nano-* Presented at the "Twelfth International Conference on Photochemical Conversion and Storage of Solar Energy", Berlin, August [9] [10] [11] [12] [13] [14] 1998 . ** The work reported here has been previously published in Ref. [11] . E-mail of correspondence author: anozik@nrel.nrel.gov. [4] ; this challenge has been answered in turn [6, 7] .
Heimer et al. [8] [10] . Here we present further evidence, based on time-resolved infrared (TRIR) absorption measurements, for ultrafast electron injection times (50 fs±25 fs) for the N3-Ti02 electrode under ambient conditions. By probing the time-resolved mid-IR absorption produced by injected electrons [9, 11] , we are able to obtain unambiguous conclusions without the need for UHV. Probing in the mid-IR allows us to bypass the issue of the correct absorption spectrum for oxidized N3 and eliminate the possibility of any signal contributions from the cationic or excited states of the dye [9, 11] .
Materials and methods
Titanium dioxide nanoparticle colloids were prepared as previously described, using Degussa P25 Ti02 starting material [12] . The A1203 nanoparticle colloid was prepared using a method similar to that used for Ti02. The [14] resulted in adsorption of the N3 dye to the porous film surface. The resulting dye-sensitized films showed an absorbance of -1.0 at 400 nm and 550 nm. High purity N3 was purchased from Solaronix (Lausanne, Switzerland).
Pump-probe measurements were made using two different laser systems described previously [11] .
Experimental results
With the N3-Ti02 sample exposed to air, transient Fig. 2 Fig. 2b ; this signal can be well represented by the integration of a gaussian function with FWHM of 185 fs. The transient absorbance for the unsensitized Ti02 is -0.6 mO.D., -10% of the absorbance for N3-Ti02 at 4.9 pm. These results show conclusive and direct evidence of the arrival of electrons within the Ti02 following photoexcitation of adsorbed molecules of N3.
As shown in Fig. 3 
